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PREFACE 
Have you ever marvelled that a newly fallen tree ap-
pears to be shorter as it lies prone on the ground than it did 
when it lifted its head proudly toward the heavens? Or have 
you perhaps had your attention arrested by the pattern in the 
fabric of a tweed suit and noticed, to your astonishment, that 
lines which must have been woven parallel seemed to be in mo-
tion. diverging, converging, and bending in such manner as ac-
tually to make you· dizzy? Close inspection of this curious 
situation probably revealed that the main lines were intersected 
by oblique cross-striations which seemed to account for the il-
lusory effects. 
Such phenomena as these just mentioned are but typical 
of the hosts of optical illusions which are observable all about 
us. But what is responsible for such faulty perceptions? Are 
our eyes •playing us tricks•? Are they not functioning as they 
ought? Or are our imaginations the culprits. guilty of produc-
ing in us such conflicting sense impressions? This paper hopes 
to present some answers to these questions. 
viii 
CH.\PTER I 
INTRODUCTION 
Optical illusions have been so generally observable 
from early times that they have long incited the attention of 
those interested in mental phenomena. The first experimental 
study of an illusion~is reputed to have been tha.t of Oppel, in 
1854. 1 But it was toward the dawn of the present century that 
geometri·ca.l optical illusions came to be investigated very ex-
tensively by scholars in the field of experimental psychology. 
Those who devoted themselves to the study of illusory 
figures soon discovered that numerous variations of the more 
common ones could be devised. Their investigations led them to 
classify all such illusions as belonging to rather clearly de-
fined types. Simultaneously, various investigators proposed 
theories to explain the illusions, basing their hypotheses upon 
the results of their laboratory studies. But a lack of agree-
ment among them in regard to both their classifications and 
their causal theories soon became apparent. 
The theories of causation group themselves generally in-
to two classes; viz., those which attribute the illusory effects 
-
to physical and physiological or peripheral factors and those 
lc. B'. Winslow, "Visual Illusions in the Chick," Archives of 
PsychologY, CLIII (1933), 5. 
l 
2 
which attribute them to psychical or central factors. The for-
mer explanation seemed at first to be the more popular, but the 
latter interpretation appears to be continually gaining ground. 
It is the aim of this research to study certain admit-
tedly psychological factors in relation to the degree of il-
lusory perception. If some direct relation between these psycho-
organic factors and degree of illusion can be demonstrated, the 
opinion that geometric optical illusions are principally of cen-
tral origin will be confirmed. Conversely, if no such relation 
obtains, the conclusion may be drawn that physical orperipheral 
factors, over which mental attitudes may be presumed to have 
little or no control, are responsible. 
Specifically, it is the object of this investigation to 
compare degree of susceptibility to the Kftller-Lyer and Z8llner 
illusions with tendencies toward introversion or extroversion aa 
indicated by the.Neymann-Kohlstedt Diagnostic Test for Intro-
version-Extroversion. 
CHAPTER II 
CAUSAL THEORIES OF THE ILLUSIONS 
Before the current theories regarding the illusions are 
discussed, the term illusion must be defined. In a general 
sense, an illusion may be said to be a perception which fails to 
give an objectively true representation of that which is per-
ceived. Kftlpe expres~es it technically thus: •An illusion is a 
subject! ve perversion of- the contents of object! ve perception. • l 
A geometrical optical illusion is experienced when the image of 
a plane geometric figure, appearing in consciousness, does not 
conform to the real nature of the stimulus as demonstrated by 
objective measurements. 
As has already been intimated, the theories which have 
been proposed to account for the most well-known geometrical op-
tical illusions are of two general kinds;~ •• those that be-
long to the •perceptive• class and those that belong to the 
~higher-process• clasa. 
Some consideration will be devoted to the opposing views 
regarding the Kftller-Lyer and Z~llner illusions respectively, 
noting the.experimental investigations which led to the various 
opinions and their implications for this study. 
Iquoted by Winslow in C. ;1'. Winslow, •vis~l Illusions in the 
Chick,• Archives of Psychology, CLIII (1933), 5. 
3 
4 
The Kttller-Lyer figure consists essentially of two lines 
of equal length, one bounded by acute angles (the arrow-head 
figure) and one bounded by obtuse angles (the feather-head fig-
ure). This figure may appear in several different forms, the 
most common being those illustrated in Figure 1. The illusion 
< > 
)>--------<< 
Fig. 1.--common forms of the K!ller-Lyer Figure 
eonsists in the overestimation and underestimation of the main 
linea of the feather-head and arrow-head-figures respectively. 
'The history of the Jmller-Lyer-illusion dates from the 
year 1889 when Kftller-Lyer published his article on •optische 
Urteilstauschungen.• The following year Brentano again called 
attention to the problem of this illusion. But the first seri-
ous experimenting and most important research was that of Hey-
mans in 1895.2 These early studies stimulated a large body of 
investigation during the following two decades and the illusion 
is still provoking much interest at the present time. 
2~&rjo~ie Bates, •A Study of the Kttller-Lyer Illusion, with 
Special Reference to Paradoxical Movement and the Effect of 
Attitude,• American Journal of Psychology, XXXIV (1923), 46. 
5 
Titchener has summarized some twelve theories which have 
been proposed by leading investigators to explain the Kftller-
Lyer illusion.3 Following Titchener•s outline, these theories 
will be presented, with arguments which have been offered by 
others in either confirmation or refutation of these views. 
1. Delboeuf's Theory of Attraction of Regard 
This theory makes the cause of the illusion inherent in 
the figure. According to it, the terminal lines attract the 
eyes away from the main lines. This view is substantiated by 
the studies of Heymans, Wundt, Lewis and others who found that, 
if the arms are kept a constant length, the illusion decreases 
continuously as the angle is increased;~ .• the distance be-
tween the main lines and the distracting lines is increased.4 
2. Brentano's Theorx of tbe Pseudoscopic Angle 
According to this theory acute angles are over-estimated 
and obtuse angles are under-estimated. Brentano illustrates his 
contention as shown in Figure 2, asserting that the illusion 
persists even when our estimation of the angle formed by an 
imaginary line is the only thing which exists. As further con-
firmation of his theory, he offers the findings of his studies 
and also those of Auerbach, li!·• that when the arms are of 
3i. B.. Ti tchener, Experimental Psycho logy, Instructor's llanual, 
Qualitative, llacmillan Co., New York, 1910, 321-327. 
. . 
4E. 0. Lewis, •confluxion and Contrast Effects in the K!ller~ 
Lyer Illusion,• British Journal of Psychology, III {1909), 22. 
constant length and the angles are increased from oo to goo, 
the illusion increases at first, but becomes maximum at a cer-
/ 
Fig. 2.--Illustration of Brentano's Hypothesis 
6 
tain point, after which the illusion decreases.5 Judd is of the 
opinion that Brentano's theory fails to explain the illusion.6 
3. Auerbach's Indirect Vision Theory 
Auerbach attributes the illusion to physiological cause. 
He argues that in estimating the length of the divided line, 
§£ (Fig. 3), the eye involuntarily draws lines parallel to ~· 
The unequally bisected imaginary lines influence the judgment. 
Fig. 3.--Illustration of Auerbach's Hypothesis 
5zbif., 22. 
6c. H. Judd, •A Study of Geometrical Illusions,• Psychological 
Review, VI (1899), 241. 
7 
4. Brunot's Kean Distance Theory 
This theory states that what we actually compare is not 
the two equal lines, but the distances between the •centers of 
gravity• of the spaces included by the terminal wings. Accord-
ing to this position, the angles are of no influence, for the 
illusion persists when •balls• are substituted for the arrow-
heads and feather-heads, as in Figure 4. The cause of the il-
lusion is, again, inherent in the figure. 
< ;) 0 0 
> < 
Fig. 4.--Illustration of Brunot's Hypothesis 
5. Kaller-Lyer's Confluence Theory 
When a given magnitude is apparently increased by being 
compared with a smaller magnitude in its vicinity, or is appar-
ently diminished by comparison with a greater magnitude, the 
phenomenon is known as contrast. Conversely, when two magni-
tudes influence each other in the direction of greater likeness, 
the result is known as what Mftller-Lyer called Konfluxion or 
confluence. In other words, contrast is due to the exaggeration 
of the difference between independently apprehended magnitudes, 
whereas confluence is due to the confusion of two nearly equal 
magnitudes. 
8 
It is this phenomenon of confluence, according to 
Kftller-Lyer, which produces the illusion which bears his name. 
An experiment of Lewis' corroborates this position. Lewis 
discovered that in both the K!ller-Lyer illusion and the •il-
lusion of contrast• (See Figure 5 where ~ and~ are equal) 
there is a maximal illusion when the terminal parts are length-
ened. This fact led him to conclude, contrary to the opinion 
a b 
c d 
Fig. 5.--The Illusion of Contrast 
of Yundt and others, that both illusions have a similar cause, 
which is psychological. The maximal illusion is explained by 
the counteracting effects of confluence and contrast. As the 
arms of the figures are lengthened, the confluxion effect is 
decreased while the contrast effect is increased. It is the 
relation of the main line to the whole figure, not the relation 
of the main line to the other parts of the figure, which brings 
about the contrast and confluence effects.? 
A study made independently by Smith led him to adopt a 
similar position. He found little evidence •tha.t contrast is 
distinctly and generally operative in modifying the apparent 
length of a line,• but it may appear together with such condi-
7Lewis, •confluxion and Contrast Effects,• 39,40. 
tiona as confluence, which in certain situations neutralizes 
its influence and in others-permits it to appear. 8 
6. Thi-e~y' a Perspective Theory 
9 
This theory, which is held also by Hering, Guye, and 
others, attributes the illusion to the fact that the perception 
of even simple line drawings is .affected by the suggestion of 
three dimensions. Thiery considers each section of the Xftller-
Lyer figure as essentially a pair of trapezoids, having a side 
in common and a side omitted. Thus the perspective effect is 
strengthened and the apparent difference in the length of the 
lines results from the diff.erence of the distances to which they 
are referred. The apparently nearer line then appears shorter 
and the one which seems to be farther away appears longer. 9 
7. Yundt's Eye ~vement Theory 
Yundt explains the illusion as due to the free or im-
peded movements of the eyes when observing the feather-head or 
arrow-head figure, respectively. He would say that we tend to 
over-estimate lines which contain a motive to the continuance of 
direction in their own direction, whereas we tend to under-
estimate lines which contain a motive to the arrest of movement. 
When he discovered the phenomenon of maximal illusion 
Sf. G. Smith, •The Prevalence of Spatial Contrast in Vis~l Per-
ception,• British Journal of Psychology, VIII (1916), 325. 
9E. C. Sanford, A Course in Experimental Psychologx, D. C. Heath 
and Company, Boston, 1898, 230. · 
10 
upon increasing the length of the arms of the figure, he tried 
to account for it thus: 
When the arms of the feather-
head figure are short, the eye 
moves beyond the extremities of 
the middle line -to the ends of the 
arms, but when the arms are long, 
they cause a backward movement of 
the eye towards the middle line; 
and it is this backward movement 
that accounts for the decrease in 
the amount of illusion. 
Lewis criticizes Wundt for making this inference, stating that 
the maximal illusion -occurs also in t.he arrow-head figure.l 0 
In general, investigators subsequent to Wundt have not 
been able to verify his theory. Judd photographed the eye-
movements of his subjects as they observed the illusion and 
found that the eye-movements did not correspond to the sub-
jects' judgments to the extent that would be anticipated from 
Yundt's hypothesis.ll He admits that viewing the under-esti-
mated figure results regularly in restricted movements, whereas 
viewing the over-~stimated figure results in single free move-
ments. But why, argues Judd, should a series of restricted, 
hampered movements lead to under-estimation of the length of a 
line? In the case of •the illusion of filled and empty space,• 
viewing the filled figure results in restricted movement and 
viewing the empty figure results in free, unhampered movement; 
lOJaewis, •conflu.xion and Contrast Effects, • 37. 
llwins low~ 8. 
yet, the filled figure is over-estimated and the empty figure 
is under-estimated. 
Judd admits the existence of an intimate relation be-
ll 
tween perception and movement, but he insists that the eye-
movements cannot be the cause of the illusion. The restricted 
movements of the eyes when viewing the arrow-head figure re-
present, he believes, a series of states of equilibrium or 
balance between •the impressions from the oblique lines, the 
long line, and the motor tensions.•~ 
Stratton, on the basis of a study similar to Judd's, 
went farther than Judd in his conclusion, stating that the char-
acteristic eye-movements not only are not the cause of the il-
lusion, but they may even be its effect. It is possible that 
the line which seems longer provokes a long sweep of the eye, 
while· the apparently shorter line induces a short sweep. Strat-
ton is convinced that eye-movements cannot serve as the basis 
for •the miraculously fine visual estimates and discriminations 
which we are able to make. • 13 
While Judd and Stratton were engaged with their experi-
ments in this country, the same problem was being investigated 
at Cambridge. 
l2c. H. Judd, "The Kttller-Lyer Illusion,• Psychological Kono-
SraPhs, VII ( 1905), 203. 
l3G. K. Stratton, •symmetry, Linear Illusions, and the Movements 
of the Eye-," Psychological Review, XIII (1906), 93. 
12 
Using tachistoscopic presentation of the figure, Lewis 
found the Kftller-Lyer illusion to be even greater when the eye 
had no time to make an appreciable movement than when the ex-
posure was prolonged indefinitely.l4 Working similarly with 
the vertical-horizontal illusion, Hicks and Rivers found the 
illusion to be just as great upon momentary exposure as upon 
prolonged exposure.l5 Because of the greater decisiveness and 
sensitiveness of the momentary observations, Lewis became con-
vinced that movements of the eyes have little to do with the 
accurate judgment of spatial magnitudes.l6 
Another study which refuted the eye-movement theory was 
carried out by Winslow. He found chicks to be susceptible to 
the Mftller-Lyer illusion, as Warden and Baar had found the ring 
dove to be. But, since the chick has monocular vision, binoc-
ular vision can not be a contributory factor to the illusion. 
Since, moreover, eye-movements are much less important in chicks 
than in man, Winslow concludes that eye-movements can not satis-
factorily explain the illusion.l7 
14E. o. Lewis, •The Effect of Practice on the Perception of the 
Mftller-Lyer Illusion,• British Journal of Psychology, II 
( 1908 ) ' 304 • 
l5G. D. Hicks and W. H. R. Rivers, "The Illusion of Compared 
Horizontal and Vertical Lines,• British Journal of Psycholo&Z, 
II (1908), 259 •. 
16Lewis, "The Effect of Practice on Perception,• 304. 
17wins low, 79. 
13 
8. Einthoven's Dispersion Image Theory 
This theory, also known as the Indistinct Vision theory, 
attributes the illusion to the surmise that the end parts of the 
figures are indistinctly seen because- their images fall on the 
peripheral parts of the retina where visual acuity is lessened. 
Einthoven maintaines that the only parts of•the figure seen 
clearly are those which are seen directly.l8 This theory, with 
its physiological basis, appears to have fallen into disrepute. 
9. Laska's Theory of Joining the Discontinuous 
This theory depends upon the supposition that all our 
judgments result from the two factors of •habitual tendency• 
and •present circumstances.• In the case of the Kftller-Lyer 
figure, our tendency is to make it continuous. But the complete 
arrow-head figure is shorter than the complete feather-head 
figure. Hence, the--illusion. 
Here is a theory which attempts a psychological expla-
nation of the illusion. But it is difficult to see in it more 
than a mere restatement of the problem. 
10. Heymans' Kov~ment-Contrast Theorz 
This is not to be confused with Kftller-Lyer's •conflux-
ion-contrast• theory. Heymans' hypothesis, like Wundt's, at-
tributes the illusion to the character o-f the eye-movements. 
When one fixates the end-points of the two lines, argues Hey-
mans, the eye takes in the obliques as well. Now, in the case 
1~ewis, •confluxion and Contrast Effects," 38. 
14 
of the feather-head figure, the sweep of the eye is along the 
same general direction as that of the main line; in the case of 
the feather-head figure, the movement is in the opposite direc-
tion. Hence, in the former case the· sum of eye-movements is 
less than it is in the latter, resulting in the under-estima-
tion and over-es.timation of the respective lines. 
Heymans attempts an explanation of the maximal illusion 
as follows: 
When the eyes of the observer 
begin to move from ope end of the 
middle line, the arms at that end 
are seen directly, whilst the arms 
at the other end are seen but in-
directly. The arms that are seen 
directly produce the illusory ef-
fects of the figures, whilst the 
arms seen indirectly counteract 
the illusory effects. When the arms 
are short, those seen.directly have 
the greater influence upon the per-
ception of the figure: whereas, when 
the arms are long, those seen in-
directly have the greater influence; 
and it is for this reason the illu-
sion has a maximal value. 
Lewis remarks, •It would be very difficult to justify these 
various assumptions which Heymans makes to explain this fea-
ture of the illusion.• 19 
11. Lipps' :Mechanical-aesthetic or Empathy Theory 
According to this theory our judgments are modified by 
an anthropomorphic .attitude whereby we unconsciously endow every 
space-form with a living personality and regard certain mechan-
l9 Lewis, •confluxion and Contrast Effects,• 38. 
15 
ical forces as active. 2° For example, we tend to over-estimate 
vertical lines because of the •Liveliness• by which they lift 
themSelves up against the force of gravity.2l 
Regarding the Kftller-Lyer figure, Lipps says that an 
activity of the terminal points of the compared lines •Limits• 
both the main lines and the obliques. In the case of the arrow-
head figure the limiting influence on both is in the same direc-
tion, with the result that the·main line is under-estimated. In 
the case of the feather-head figure, where the limiting influ-
ence on the oblique lines is outward, the effect on the main 
Line is cancelled, with the result that the line is over-esti-
mated.22 
Luckiesh says of Lipps'·hypothesis: 
20Luckiesh, 11. 
The difficulty with this theory 
is that it allows much opportunity 
for purely philosophical explana-
tions, which are likely to run to 
the fanciful. It has the doubtful 
advantage of being able to explain 
illusions equally well if they are 
actually reversed from what they are. 
For example, gravity could either 
contract or elongate the vertical 
line, depending upon the choice of 
viewpoint.23 
2lc. w. Valentine, "Psychological Theories of the Horizont~l­
Vertical Ill us ion, • British Journal of Fsychology, V (1912), 11 
22Titchener,.326. 
23tuckiesh, 100. 
16 
12. Jastrow•s Relativity Theory 
Jastrow's contention is that all illusions are essen-
tially psychological in origin, depending upon judgment rather 
than perception. Furthermore, he maintains that our judgments 
vary with environmental changes and are therefore relative. 
Among-those who agree with Jastrow in attributing the 
M!ller-Lyer illusion to judgment is K!lpe. He discredits both 
eye-movements and angle effects as causative factors on the 
grounds that •the illusion persists both when the movement of 
the eyes in the opposite direction is artificially assisted and 
when the angles are replaced by other figures:~., by ares of 
circles.• He concludes that the illusion must, therefore·, be 
•a special ease of a general form of indirect judgment.•24 
f-----~) 
Fig. 6.--The illusion without angle effects 
Lewis also attributes the Mftller-Lyer illusion to judg-
ment and attention. According to his view, which is also that 
of Rivers, the illusion appears because the observer fails to 
judge one part of the figure without being influenced by his 
24oswald Kftlpe, Outlines of Psychology, Translated by E. B. 
Titchener, Macmillan Company, Hew York, 189 5 , 366. 
17 
perception of the entire figure. This is sometimes known as 
the •confusion• theory. His subjects reported that after prac-
tice they were better able to disregard the distracting obliques 
and attend only to the main lines of the figure. Lewis believes 
that this capability to restrict the attention to the part of 
the figure in question is an important feature distinguishing 
the higher forms of perception from the lower. It does not mean 
increased ability to discriminate between magnitudes, but abil-
ity to isolate the part from the whole; it demonstrates effi-
cient restriction of attention.25 
According to the Gestalt theory of perception, young 
children are particularly likely to perceive a given visual 
field as a series of undifferentiated meaningful wholes, since 
their perceptions are more •primitive• than those of adults. If 
this be true, one might expect a progressive decrease in the 
amount of illusion with advancing age until perceptual maturity 
is reached. This theory is corroborated by the findings of 
Sister Annette Walters who tested hundreds of children in an 
intensive genetic study of the M!ller-Lyer illusion. She found 
the illusion ~o decrease with advancing age up to eleven years· 
and concluded that this may be the age of perceptual maturity.26 
25£ewis, •Effect of-Practice on Perception,• 305. 
26sister Annette Walters, •A Genetic Study of Geometrical-
Optical Illusions,• Genetic Psychology Monographs, XXV {1942), 
142, 143. 
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Pintner and Anderson, likewise using children as sub-
jects, found the illusion to decrease with advancing age, but 
concluded that this may be due to their increasing experience 
in judging distances. Young children are highly susceptible 
to the illusion, they believe, because they are not able to 
attend so well and are more prone to careless response.2? 
If high illusion in young children is due to a more 
•primitive• type of perceptual response, the thought has been 
proposed that •uncivilized• individuals should also be expected 
to exhibit high susceptibility to the illusion. But Rivers 
found the Maller-Lyer illusion to be less marked to the Todas 
and Papuans than to Europeans, indicating that their attentive 
ability is at least as great as that of the •more highly civi-
lized.• Rivers concludes that the illusion does not have a phy-
siological basis and that it is not innate, but that its true 
cause is something far rnore complex and more dependent upon ex-
perience.28 
The older theories which attributed the Mftller-Lyer il-
lusion to angle effects, eye-movements, and other factors eithe 
physiological or inherent in the figure, have been shown to have 
been in large measure discredited; whereas, those theories whic 
2?R. Pintner·and M. Anderson, ··The Mttller-Lyer Illusion with 
Children and Adults,• Journal of Experimental Psychology, 
I ( 1916 ) , 20 9 , 210 • ·· · 
2Bw. H. R. Rivers, •observations on the Senses of the Todas,• 
British Journal of Psychology, I {1905), 363. 
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attribute it to such psychological factors as attention, judg-
ment, and attitude have superseded them. 
The Zellner illusion and theories which have been pro-
posed to account for it will now be considered. 
The Z8llner illusion consists essentially of a series 
of parallel lines, each intersected by a number of oblique 
cross-striations, the directions of which alternate from one 
parallel band to the next. Several variants of the figure have 
been devised, but its essential form is demonstrated in Figure 7 
Fig. 7.--The Zellner Figure 
The illusion consists in the apparent convergence of the par-
allels in the direction that the cross-striations diverge and 
their apparent divergence in the direction that the cross lines 
converge. 
Zellner himself accounts for the illusory effect by in-
sisting that it is easier and takes less time to infer conver-
gence or divergence than parallelism. But Hering has demonstra-
ted this explanation to be unsatisfactory by drawing a figure 
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with lines slightly divergent instead of parallel. They appear 
parallel when the proper oblique striations are added. For Jas-
trow, this indicates that the illusion does n~consist of the 
inference of parallelism or non-parallelism, but of a certain 
angular distortion of~the real relations of 11nes. 29 Luckiesh 
discredits -the time element as a factor, arguing that the il-
lusion persists even under the very brief illumination of an 
electric spark.3~ 
Aubert has attempted to explain the illusion by an ap-
parent alteration of the plane in which the oblique lines appear. 
They appear in a plane inclined to that of the paper, with the 
result that the long parallel lines, inclining to this plane, 
appear to incline toward one another.3l 
Witasek has demonstrated that the illusion is greatly 
reduced when the parallel vertical bands are observed by one eye 
while the system of oblique lines is presented to the other eye, 
the Z!llner figure thus becoming the result of binocular fusion. 
On the basis of this experiment, Witasek concluded that the il-
lusory effects are due to what he terms· the •sensa tion-bypothes:is .. 
rather than the judgment-hypothesis ... 32 
29tYi~iio~~~~rX:er~~a~tyg~g!lzg} 1F:i~tof~iY:eivaf~~~rr: ~Si~te 
30Luckiesh, 78. 
31Jastrow, 391. 
32H. Helmholtz, Treatise on Physiological Optics, Translated by 
J.P. Southall, Vol. III, Optical Society of America, NewYor~ 
235, 240. 
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Yundt attributes the Z~llner illusion mainly to the 
tendency to over-estimate acute angles and under-estimate obtuse 
angles when these are contrasted with one another. This phenom-
enon, he says, occurs because small angles require relatively 
greater energy to move through them on the general principle of 
physical and physiological inertia. 33 As the sides of each 
acute angle in the Z~llner figure are bent outward by the ap-
parent magnification of the angle, the parallel bands are shift-
ed, producing the illusion. 
Hering, although agreeing with Wundt that angle effects 
contribute to the illusion, has attempted to explain the il-
lusory effect as resulting from the difference in the retinal 
images of the two eyes, produced by the curvature of the 
retina.34 
Helmholtz also agrees with Wundt's explanation, although 
for him, too, it is but a partial explanation.35 
Jastrow, on the other hand, takes issue with Yundt, ar-
guing that, according to his contention, the illusion should 
disappear when right angles are used. He has demonstrated, how-
ever, that the illusion persists, even with right angles. More-
over, Jastrow points out that in many figures, of which Figure 8 
is typical, the acute angles appear smaller than what they ac-
33 Judd. •A Study f G t i l Ill . • 2 8 . o eome r ca us1ons, 5 . 
34 Luckiesh, 78. 
35 
Helmholtz, 196. 
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tually are, and often both acute and obtuse angles are affected 
alike.36 
Fig. a.--Underestimated acute angles 
As was intimated, Helmholtz regards the Z8llner illusion 
as partly produced by angle effects, but it is his opinion that 
ocular movements play an important part in bringing about the 
illusory effect. To substantiate his position, he claims that 
the illusion disappears when he fixates the figure steadily. If 
he fixates so as to produce an after-image, he reports that he 
gets a clearly defined image without- a trace of the illusion.37 
Moreover, he finds that, under the momentary exposure permitted 
by an electric spark, the illusion either disappears entirely or 
appears only faintly. As further verification of his contention, 
Helmholtz shows that the Foggendorff illusion, which, since it 
does not disappear under momentary exposure, must be due entire-
ly to-angle effects and not to eye movements, disappears when 
the eye moves along the oblique line but not when the figure 
is fixated steadily.38 
36Jastrow, 394. 
37Helmholtz, 196. 
38~ •• 196-198. 
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Jrany objections have been raised to Helmholtz's theories. 
Von Kries reports that Hering found, contrary to Helmholtz's own 
experience, that the illusion persists in the after-image; and, 
if that is the case, ocular movements cannot be a controlling 
factor in its production.39 
Jastrow criticizes Helmholtz for bringing in several 
principles to explain facts belonging clearly to one sphere. In 
addition to objections which have already been raised against 
the alleged over-estimation of acute angles, Jastrow finds fur-
ther flaws in Helmholtz's reasoning. He observes that Helm-
holtz's chief argument for the effect of fixation is drawn from 
the heavily-drawn form Qf Zellner's figure, in which the white 
spaces between the black lines are the same width as the black 
lines themselves. Helmholtz describes his experience with that 
figure thus: 
I can get rid of it by 
looking steadily at it and not 
considering the black bands on 
a white ground as the object, 
but trying to imagine the white 
intervals as being branches with 
little leaves, lying on a black 
ground. But then the moment my 
gaze begins to wander over the 
pattern, the illusion recurs in 
its full strength.40 
Jastrow argues that when Helmholtz sees those white bands as 
parallel, that •is precisely what must occur from the position 
39~.' 235. 
40Ibid · 
-·, 196. 
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of the angles, the effect of each angle being compensated by an-
other.• When, on the other hand, all lines are drawn lightly, 
and even though the obliques do not quite meet the main lines, 
the illusion persists. By drawing the figure two ways, says 
Jastrow, two different figures are produced. Helmholtz's as-
sertions are, therefore, unwarranted and cannot adequately ac-
count for the illusion.41 
Jastrow's studies convinced him that the Z8llner and 
related illusions are essentially psychological in origin, being 
illusions of judgment rather than of sensation. They may all, 
he says, be subsumed under the law of contrast, or rather, of 
relativity. By this he means that we cannot view a part as un-
related to the whole. A line which is a part of an angle or 
figure is different from a line prcesented alone. When consider-
ing the Zellner figure we are unable to attend to the direction 
of the lines that form an angle without attending to the direc-
tion of the angle itself. 42 
Von Kries also attributes the illusion to contrast. By 
this he means simply that a pair of parallel lines, when prox-
imate to numerous impressions of convergence, will appear to 
diverge, and conversely, when proximate to numerous impressions 
of divergence, will appear to converge. 43 
41Jastrow, 394,·395. 
42tbid., 395-398. 
4~etmholtz, 239. 
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According to the aesthetic judgment theory of Lipps, 
the Z8llner illusion is primarily psychical and it is attention 
a 
a--------------m~~~------------b 
~ 
Fig. 9.--Illustration of Lipps' HYPothesis 
which deter.mines the eye-movements. Lipps says that if we fol-
low the line Ah of the figure (Figure 9) with our eye, we will, 
on reaching the point !!!• tend to slip off and follow .!!m.• with-
out distinctly realizing that we are not still on the main line. 
This makes us feel as .. if me were a little away from its original 
direction. ~he result of the illusion is the apparent conver-
gence of the two ends ~.44 
Judd found a marked difference in the types of eye-
movement induced by the Z!llner and Poggendorft illusions, al-
though these two figures have long been considered as closely 
related. If eye-movements comprised the primary factors in the 
illusion, Judd would conclude, as Helmholtz did, that the two 
figures do not belong to a common class. But Judd prefers to 
find a common characteristic which will reconcile the prominence 
44 Jastrow, 393. 
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of the angles in the Poggendorff figure with their apparent lack 
of importance in the Zellner figure. 
The over-estimation of acute angles does not satisfy the 
requirements of such a common factor, for the photographs fail 
to demonstrate any relation between the eye-movements and the 
cross-striations of the Zellner figure, or the angles thus 
formed. ~reover, various sections of the Z8llner figure, al-
though possessing the same angles, give different d~grees of 
illusion. 
Judd finds his reconciling ground of relationship in 
attention to experience, rather than in geometrical form. Two 
systems of lines tend to distract attention from one another. 
In the comparatively simple Foggendorff figure, the experience 
of conflict is narrowed down to a well-defined region; whereas, 
in the more complex Z8llner pattern, the distraction is dis-
tributed over the entire figure. This contention is corrob-
orated by the eye-movement photographs.45 
On the basis of all his studies, Judd concludes that the 
Z8llner illusion cannot be explained by any content factors. It 
is due rather to a complex illusory relation. Each line or each 
angle does not exert an influence separately, but the total ef-
fect is due to grouping the entire mass of sensation into one 
equilibrium. The retinal impressions of the nain lines and the 
45c. H. Judd and H. C. Courten, •The Zellner Illusion,• Psy-
chological Monographs, VII (1905), 135-139. 
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cross-striations are mutually distracting and are brought into 
balance only by extreme effort. This striving toward equili-
brium results in exaggerating the difference between the inter-
related lines and expresses itself in the apparent displacement 
of the lines. Since the intensity of the distracting influences 
varies within wide limits, whereas the direction of apparent de-
flection is constant, the deflection cannot be accounted for by 
the type of eye-movement. 46 
The conaensus of opinion has been shown to favor those 
attempted explanations of the illusions used in this study which 
attribute them--to such psychological functions as attention, 
attitude, and judgment. A later chapter will reveal whether or 
not the present study corroborates these theories by demonstrat-
ing relation between degree of illusion and certain attitudinal 
traits. 
46Judd, •The KAller-Lyer Illusion,• 221-224. 
CHAPTER III 
INTROVERSION AND EXTROVERSION 
AS ATTITUDINAL TRAITS 
The human individual, reflecting the image of his Crea-
tor, is a personal being,. a composite of body and soul. As a 
/ person, he possesses that which is popularly termed personality. 
What is meant by this concept, personality? As Dr. A. A. Schnei-
ders so aptly points out, it is·~~ thing which exists as 
such; rather it is a term used to designate a group of quali-
ties,--abstracted, isolated, and personified1 --which exist as 
attributes of a real being.• 1 Dr. Schneiders expresses the 
Scholastic conception of personality when he defines it as 
that dynamic organization within 
man of those mental, physical, and 
psycho-physical systems which, un-
der the influence of intellect and 
will, determine an individual's 
unique adjustment to his environment. 2 
In a variant of this definition, Dr. Schneiders calls person-
ality a concept which embraces 
those distinctive physical, psycho-
physical, and mental traits, dispo-
sitions, and tendencies of a human 
being which, unified and integrated, 
through development and experience, 
tA. A. Schneiders, Outline of Rational Fsychology, University 
Lithoprinters, Ypsilanti, Hichigan, 1944, 82, 83. 
2Ibid., 83. 
28 
into a self-identified system, de-
termine, under the influence of in-
tellect and will, an individual's 
unique adjustment tQ himself and 
to his environment.3 
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From this latter definition it may be seen that person-
ality embraces •traits, dispositions, and tendencies.• Although 
such traits do not, in themselves, compose the personality, as 
is often erroneously proposed, personality includes such groups 
of qualities as are embraced by the terms character and temper-
ament. The personality traits includeu under temperament, un-
like character traits, which usually have a moral aspect, are 
•those aspects of personality involving emotional resonance or 
expression.•4 Such traits are generally considered to be de-
rived, for the most part, from innate constitutional factors 
which have been greatly modified by environmental factors, thus 
having become the product of learning. 
Various attempts have been made to classify traits of 
temperament. For example, Allport speaks of expressive traits 
and attitudinal traits. Each of these categories he has again 
subdivided, classing under attitudinal traits such tendencies 
as •self-assurance and self-distrust, • •gregario~sness and 
solitariness,• and •extroversion and introversion.• 5 
3schneiders, Theories of Personality (Loyola University Class 
Notes), 1940. 
4Schneiders, Rational Psychology, 84. 
5G. w. Allport, Personality: A Psychological Interpretation, 
Henry Holt and Comp~y, New York, 1937, 419-423. 
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It was Jung who first formulated the concepts of intra-
version-extroversion and established the terms. His obserT~tion 
led him to assume the existence of class or group distinctions 
in addition to the individual differences which distinguish men 
psychologically. He invented the antipodal terms, introversion 
and extroversion, to refer to particular opposing types charac-
terized by certain definite traits of temperament. These terms 
immediately attracted widespread interest, and, as Allport says, 
psychologists devoted more attention to the traits of introver-
sion and extroversion than to any others. In spite of, or per-
haps because of, much opposition, these concepts have become 
firmly established-and have even found their way into common 
speech. Allport says, aprobably neither the psychologist nor 
the layman can ever again do without them.•6 
A man is extroverted, according to Jung, •when he gives 
his fundamental interest to the outer or objective world and 
attributes an all-important and essential value to it;• he is 
introverted, on the contrary, "when the objective world suffers 
a sort of depreciation, or want of consideration for the sake 
of the individual himself, who then, monopolizing all the in-
terest, grows to believe no one but himself worthy of consider-
ation. • 7 
6Allport, Personality, 419. 
?c. G. Jung, Analytical Psychology, Translated by C. Long, 
Moffat, Yard, and Company, New York, 1916, 288. 
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Freyd believes that his definitions of the extroverted 
and introverted personalities are •fair composites of the va-
rious opinions• concerning them. An extrovert he defines as 
•an individual in whom exists a diminution of the thought pro-
cesses in relation to directly observable social behavior, with 
an accompanying tendency to make social contacts.• An intro-
vert, on the contrary, is •an individual in whom exists an ex-
aggeration of the thought processes in relation to directly ob-
servable social behavior, with an accompanying tendency to 
withdraw from social contacts. • 8 
Practically all writers agree that the extrovert is 
characterized by a readiness to face reality as he finds it in 
the world of social contacts and to act upon his impulses, 
whereas the introvert is characterized by a tendency to with-
draw from the outside world and to devote himself to the realm 
of thought.9 
Neymann and Kohlstedt describe the typical extrovert as 
•a happy, talkative, active individual with tendencies toward 
swings of mood• and the typical introvert as one possessing •a 
rather quiet, thoughtful, and reserved· personality with an in-
clination toward autistic thinking. • 10 
BM&x FreydA •Introverts and Extroverts,• Ps:chological Review, 
XXXIII \1~24), 74, 75. 
9 Ibid., 74. 
lOc. A. Neymann and K. D. Kohlstedt, •A New Diagnostic Test for 
Jntroversion-Extroversion,• Journal of Abnormal and Social 
rsychology, XXIII (Jan.-Mar., 1939), 482. 
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McDougall says of extroverts that they are •the vivid, 
vivacious, active persons who ~charm us by their ease and free-
dom of expression, their frankness, their ,quick sympathetic 
responses.• They are, says McDougall, little given to intro-
spective brooding and thus remain relatively ignorant of them-
selves. Introverts, on the other hand, are self-conscious, 
anxious, and reticent. They are slow to exhibit their emotions, 
and find it difficult to express themselves adequately. They 
are inclined to brood rather than to act, or, if they do act, 
the activity is preceded by a period of reflection and delibera-
tion. They are much given to analyzing their thoughts, deeds, 
and motives. 11 ·It is not surprising, then, that, as Nicoll 
says, •To the introvert the extrovert is a source of amazement; 
while to the extrovert the introvert is an object of impatient 
speculation and uncertainty.•l2 
Freyd makes the following remarks about the two types: 
The. extrovert is a calloused 
individual who makes a good im-
pression on others and cares little 
what they say about him. The in-
trovert, on the other hand, is 
readily rebuffed by his social en~ 
vironment, and in time develops an 
asocial •set.• His sensitiveness 
steers him from society, and he 
takes to philosophic, religious, 
artistic, or mechanical tasks. 
His ability in ~hese lines may lead 
llWilliam McDougall, Is America Safe for Democracy? Charles 
Scribners' Sons, New York, 1921, 85. 
12M. Nicoll, Dream Psychology, Hodder and Stoughton, Ltd., 
London, 1920, 149. 
him to fame or to institutional 
care. The extrovert likewise may 
be either a social lion or a maniac.l3 
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Thus far, persons have been discussed who possess the 
traits of introversion or extroversion to a decided or extreme 
degree. Jung supposed that it was possible to class~ persons 
as either thoroughly introverted or thoroughly extroverted. But 
it is commonly known that individuals exist who cannot be said 
to belong definitely to one type or the other. Rather, they 
are ~ introverted and extroverted. They seem to combine in 
their personalities some of the characteristics of typical in-
troversion with some of typical extroversion. In fact, some 
persons may even behave introvertively in one situation and ex-
trovertively in another. Conklin, who uses the word ambiversion 
to describe the mode of behavior of such individuals, says that 
•The normal healthy individual today is one who combines in a 
socially effective manner both introversion and extroversion.•l4 
Introversion and extroversion, then, are not.to be considered 
as mutually exclusive. The consensus of opinion among author-
ities is that the two terms do not represent ultimate types at 
all, as Jung supposed, but merely the extremes of some kind of 
continuous variable, normal in its distribution.l5 ~st persons, 
13Freyd, •Introverts and Extroverts,• 81. 
14E. S. Conklin, •The Definition of Introversion, Extroversion, 
and Allied Concepts,• Journal of Abnormal and Social Psy-
chologY, XVII (~an.-»ar., 1923), 370. 
15Allport, Personality, 420. 
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accordingly, would be expected to be neither extremely intro-
verted nor extremely extroverted, but would belong to the large 
group of ambiverts, in whom characteristics of both traits ap-
pear in varying combinations and proportions.· 
A number of tests which purport to measure the degree of 
introversion or extroversion have been standardized. Yost of 
these consist of a set of questions derived from an analysis of 
the manifestations of introversion-extroversion as described by 
Jung and other pioneers. Such a questionnaire presents a number 
of possible ways of responding t~, or dispositions to act in, 
various life situations; the subject is asked to indicate agree-
ment or disagreement, pleasure or displeasure, sympathy or lack 
of sympathy with each item. Some of the widely used question-
naires of this type are those composed by Laird, Conklin, Nay-
mann and Kohlstedt, Marston, and Heidbreder.~ Several studies 
made by these authors offer favorable evidenc~ as to the relia-
bility and validity of their questionnaires. 16 
The Neymann-Kohlstedt teat17 was selected for use in 
this present study. Its authors, when devising their question-
naire, determined upon one hundred statements which apparently 
had-no implication of right or wrong. Of these, h~lf were 
theoretically pleasing to the introvert and half were theoreti-
16Fercival Symonds, Dfagnosin! Personality and Conduct, D. Ap-
pleton-Century Company, t93 , 2ot, 2o2. · 
17A copy of this test appears in Appendix I, and the method of 
administering and scoring it is described in Chapter IV. 
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cally pleasing to the extrovert. In validating their question-
naire, Heymann and KDhlstedt did not use the method of ratings 
as previous investigators had done, but they standardized it by 
testing one hundred typical manic-depressive patients and one 
hundred typical schizophrenics. Gilliland and Morgan speak com-
mendably of this procedure, calling it not only a distinct ad-
vance, but a legitimate one, since a manic-depressive psychosis 
is generally regarded as a typical extrovertive phenomenon and 
schizophrenia as typically introvertive. 18 Heymann and Kohl-
stedt found their results to coincide in ninety-three per cent 
of the''cases with those obtained by prolonged clinical observa-
tion.l9 Later they reduced the original one hundred questions 
to fifty and found them so accurate when applied to normal sub-
jects that they believe fair resul'ts to be obtainable even when 
the test is •in untrained hands. • 20 
Chapter V of this thesis will reveal the responses made 
by the subjects of this experiment and their relation to sus-
ceptibility to the illusions described in the preceding chapter. 
18A. R. Gilliland and·J .. J. B. 1rforgan, •An Objective Jleasure of 
Introversion-Extroversion,• Journal of Abnormal and Social 
fsycho logy, XXVI ( 1932), 298. .. 
~9Heyman~ and KDhlstedt, •Diagnostic Test for Introversion-
Extroversion,• 48?. 
20 
Ibid., 485. 
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CHAPTER IV 
THB EXPERIMENTAL INVESTIGATION 
The chief aim of this investigation being to stu~ the 
relation between degree of illusory perceptionand certain ad-
mittedly psychological factors, it was undertaken to compare 
susceptibility to the Z8llner and U!ller-Lyer illusions with 
tendencies toward introversion or extroversion as indicated by 
the Neymann-Kohlstedt Diagnostic Test for Introversion-Extra-
version. 
The Zellner and Uftller-Lyer fi~~res were selected for 
this study mainly for two reasons. In the first place, they 
are representative of distinct types of geometrical optical 
illusions, thus providing some variety of test material. More-
over, they could with comparative ease be so devised as to 
make measurement of the extent of illusion possible. 
The Neymann-Kohlstedt test was chosen because it has 
been demonstrated to be highly reliable, well-standardized, 
and simple to administer and score. It provides a picture of 
attitudinal traits adequate for the purpose of· this stu~. 
The three tests were administered individually to fifty 
adult subjects.- Of these, twenty-eight were students of psy-
chology in Loyola University, ten were teachers in a Chicago 
elementary school, and the other twelve represented diverse 
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occupations ranging from housewife to soldier. Nine of the 
subjects were men; forty-one were women. 
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An attempt was made to keep experimental conditions as 
uniform as was feasible, although it was not possible to test 
all subjects in the same place. The experiment was performed 
in a well-lighted room, with the source of light falling upon 
the stimulus figure from above and from both sides. The ex-
perimenter sat at a table and the observer sat directly oppo-
site her, at a distance of five feet from the exposure board. 
Each time an illusion figure was presented, it was held in an 
upright position, perpendicular to the table, and directly in 
the observer's line of vision. 
The Zefllner figure was always presentedfirst, the 
questionnaire next, and the Mftller-Lyer figure last. Since the 
Z8llner figure demanded the greatest effort and visual strain 
on the part of the subject, it was considered wise to administer 
that part of the experiment at the beginning, before fatigue 
might be encountered. The questionnaire was given between the 
two vision tests to allow the subject rest from the intense 
visual strain of making many fixations in rapid succession. 
The equipment which was used to measure the Zetllner il-
lusion consists of a set of sixteen black cards, eight and one-
half inches wide and eleven inches high. On each card is 
mounted a four-inch square of white.p~er on which the Z~llner 
figure is drawn in violet ink. A sample appears in Figure 10. 
The main lines of the figure are inclined forty-five 
degrees toward the horizontal and the acute angles formed by 
the intersecting transversals are forty degrees. Both these 
conditions contribute to strengthening the illusion. 1 
Fig. 10.--sample Zellner figure, as 
used in this study. 
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On each card the longest main line is used as the stan-
dard to be compared with the heavily drawn black line which 
1K. Luckiesh, Visual Illusions, D. Van Nostrand Company, New 
York, 1922, 78. 
E. c. Sanford, A Course in Experimental Psychologz, D. C. 
Heath and Company, Boston, 1898, 221, 
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forms the variable. The variable is so drawn that, on succes-
sive cards, its upper end approaches the standard line by in-
crements of a half degree, beginning in a position one and one-
half degrees away from the standard and ending in a position 
six degrees toward the standard. The line adjacent to the 
standard on the right was chosen to be the variable because it 
has been demonstrated that the illusion is strongest in this 
part or the figure. 
An inconspicuous serial number on the back of each card 
indicated to the experimenter the extent of convergence or di-
vergence between the standard and variable lines. 
The equipment which was used to measure the M!ller-Lyer 
illusion consists of a black cardboard frame, thirteen inches 
long and seven inches wide, on which appears Brentano's varia-
tion of the Kftller-Lyer figure drawn with pencil-thin lines in 
Hig. 11.--The Kdller-Lyer figure 
used in this study. 
white ink. The standard line is three inches long, each oblique 
line is one and one-fourth inches long, and the acute angles are 
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forty-two and one-half degrees. The board is so constructed 
that the variable line (in this case the feather-head figure) 
may be elongated or shortened simply by pulling out or pushing 
in.the movable part of the board on which it is printed. A 
scale on the reverse side of the board, graduated in sixteenths 
of an inch, indicates to the experimenter the length of the 
variable line at any position. 
The method of serial exploration was employed in this 
study. In the case of the Zellner illusion, the experin1enter, 
beginning with the figure on which the significant lines were 
most divergent, presented each card in succession, the subject 
indicating each time whether the two lines appeared to him as 
parallel, whether the variable appeared to lean toward or away 
from the standard, or whether he was unable to make any judg-
ment. This series of exposures was followed by a series in the 
reverse order and such a double series of presentations was re-
peated four times, making a total of ten series, five •ascend-
ing• and five •descending.• The experimenter recorded the sub-
ject's judgment after each exposure. 
The following initial instructions were given orally by 
the experimenter to each subject: 
See this black line? [Indicat-
ing) You are to determine whether 
it appears parallel to this center 
diagonal or whether its upper end 
appears to lean toward or away from 
1 t. 
(You know that two lines which 
are parallel are equidistant from 
one another at all points so that 
lines drawn perpendicularly between 
them will be of equal length.) 
The figures on these cards dif-
fer. I shall show you first a fig-
ure in which the black line leans 
decidedly away from the diagonal 
[indicating the figure]. On suc-
ceeding cards you will find the 
upper end of the black line approach-
ing the center diagonal until it 
leans decidedly toward it [demon-
strating]. Then I shall be~in with 
. a card on which the black l1ne leans 
toward the diagonal and proceed to 
the opposite extreme [demonstrating 
again]. 
You will be shewn each card for 
only a moment. You are to make quick 
decisions-. Run your eye up and down 
the black line [indicating]. Then judge whether the two lines appear 
closer together at the top than at 
the bottom or farther apart [indicat-
ing top and bottom]. Be sure to judge from appearance, since you do 
not know how the lines are drawn. 
-,eT1-;e whether the black line 
appears parallel to the diagonal or 
whether its upper~ appears to lean 
toward or iwl{ from it. Just say 
lparallel, eans away,• or •leans 
toward.• 
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The entire set of figures was not shown during each 
series. Rather, the experimenter began with a figure on which 
the -variable had been judged decidedly toward (or away, as the 
case might be) and continued until the opposite condition was 
definitely seen. Each time a new series was begun, the exper-
imenter would say: •Now we shall begin with a card on which the 
black line leans decidedly away~ (or toward) the center 
diagonal and gradually proceed to the opposite extreme• orw.tiow 
we shall begin with a card on which the black line leans def-
initely away from (or toward) the center and gradually go in 
the other direction.~ 
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At no time was the subject aware of which card of the 
set was used in beginning a new series, lest he consciously or 
unconsciously, in trying to be consistent with himself, give 
the same judgments which he had given to a previous series, re-
gardless of the appearance of the figure. 
Data were recorded in a bound notebook to avoid danger 
of misplacement or loss. One page was devoted to each subject's 
responses. Subjects' names were not included on the data 
sheets, but each subject was designated by a serial number. A 
response of •away• was indicated by a plus sign; •parallel• by 
an equal sign; •toward• by a minus sign, and uncertainty or no 
response by a question-mark. A typical data sheet, that of 
Subject Thirty-four, is reproduced in Figure 12. 
The figures at the left designate the cards of the 
series. Card Number Three represents the one on which the com-
pared lines are geometrically parallel. •s• is the stimulus 
value or real value of the constant. •T• represents a transi-
tion point. In a descending series, •T+• is the value of the 
first transition point from plus to not-plus, and •T-• is the 
value of the first transition point from not-minus to minus. 
In an ascending series, •T-• is the value of the first transi-
tion point from minus to not-minus, and •T+• is the value of 
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the first transition point from not-plus to plus. An average 
•T• is the mean of these four values and gives the point of 
subjective equality for that double series. The mean of these 
five values, in turn, composes the •psE• (point of subjective 
equal! ty). The- •cE• (constant error) is the difference between 
the -PSEMand the stimulus value. The error is in terms of 
half degrees. In this case, the actual extent of illusion is 
three and one-tenth degrees. In other words, this observer 
judged two lines as parallel when, actually, one of them in-
clined three.and one-tenth degrees toward the other. 
As was done in the case of the Zellner illusion, the 
method of serial exploration was used to measure the extent of 
the Kftller-Lyer illusion. The board was held so that the 
variable part of the figure (the feather-head figure) was on 
the left side of the observer's field of vision and to the ex-
perimenter's right, facilitating manipulation. The initial in-
structions which were given orally to each observer are as 
follows: 
Here are two horizontal lines:~­
one line from this point to this . 
point [indicatlng], and one line 
from this point to this point [again 
indicating]. I am gorng to vary the 
length of this line [indicating the 
feather-head]:--Beginning with it 
very much longer than this line, I 
shall gradually decrease its length. 
Then, beginning with it very much 
shorter than this one, I shall grad-
ually increase its length. I want 
you to tell me each time whether it 
appears longer or shorter than .:Y!!!. _ 
line or whether both lines are 
exactly the same length. You will 
be shown the figure for only a mo-
ment. You are to make quick deci-
sions. Be sure to look at jVst 
these two lines. Then say, longer,• 
•shorter,• or •same.• 
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While reading the instructions, the experimenter indicatedclear-
ly each line or point to which reference was made. The inclusion 
of the clause, "Be sure to look at just these two lines,• was an 
attempt to insure uniformity of attention among the subjects. 
, As with the Zellner figure, ten series of judgments 
were made, five •ascending,• and five •descending.• At the 
beginning of each new series, the experimenter would say, •Now 
we shall begin with the variable shorter (or longer, as the case 
might be) than the standard and gradually increase (or decrease) 
its length.• The increment of variation was one-sixteenth of 
an inch. Judgments were recorded by means of a plus sign to 
indicate •longer,• an equal sign to indicate •same,• a minus 
sign to indicate •shorter,• and a question mark to indicate un-
certainty or no response. A typical data sheet, that of Sub-
• ject Thirty-four, is reproduced in Figure 13. 
In this case the figures.at.the. left. indicate the dif-
ference in length between the standard and variable lines in 
sixteenths of an inch. The constant error is, therefore, equal 
to the value of the point of subjective equality; llA·• nine 
and six-tenths. Thus, the extent of the subject's K4ller-Lyer 
illusion is approximately five-eighths of an inch. 
46 
- ---·-··---~--:-- ,--- 3J./ ' , :--
·J, 1' J, 1' J, 1' .t. 1" J. 1' 
-S=o, -t 
I: -+ -+ 
-2.: + + -+ -+ + + 
.:a-+ + + + -+ -+ + + + 
'!• -fo. + + + -+ -t -+ -+ + + 
.:J': -+ + -1-. _J. .t -+ -+ + + .-).. 
&: - -+ -+ + -t --+ + -+ -+ + 
7. - + -t -+- -t + -+ + + + 
1 := + - + - -+ -t- -t- + + 
9 :. I - - -+ - -+- - -+ - - - I 
I~ = I = -t - ' -- I --
I 
- - - ·-
I 
I I 
I 
I 
II- - = - - - - - - - I -1 I 
/¢.., - - - I_ + - - - - I -/.3 - - - - - - - - -- -
/.if, - - - - - - - - - -
/.;' - - - - - - - -
/~I - I -- . - - --- I 
I I I 
i I 
is rf..j I T + ;.5.5 /..1' 7:/ 7.5 ld_5' 9.-f J: .j ... 't .f' 
T- :7. .jw i /1-J l'f ( .j" /~.-!' 1-<. 5 //..!;'"' // .. ,--- /~.~..-:// . ..:) 
' 
Av.T f7.5 !l75 'vo.;;...; /~$ /0. I 
I 
! i 
I 
, pc ;:::. r;t i 
-......:t-.· I 
I 
I 
' 
.-' ?tl -~--,l: , I 
FIGURE 13 
SAl1PLE ldnaLER-LYER ILLUSION DATA SHEET 
47 
A copy of the Neymann-Kohlstedt test was given to each 
. . 
observer and he was permitted to look at it while the experi-
menter read the following standardized instructions orally: 
This test is composed of fifty 
statements, each being followed by 
the words •yes• and •no.• There is 
no implication of right or wrong in 
any of the statements and you are 
asked to consider them from the view-
point of personal ~ or dislike. 
Read the first statement, and if you 
like the idea it expresses, draw a 
line under •Yes.• If you dislike 
it, draw a line under •No.• Proceed 
in the same way with the rest of the 
statements. 
Pay no attention to what you 
think your feeling toward a statement 
ought to be. You are to indicate 
whether you li!& or dislike the idea 
expressed, -- not whether you feel 
you ought to like or dislike it. 
Put down your immediate reaction to 
the statement; don't think it over 
deeply. Snap judgment is preferred. 
There is no time limit, but you are 
-- to finish as quickly as you can. 
This test, a copy of which·appears in the Appendix, is 
so devised that possible scores arrange themselves along a 
scale, ranging from a maximum score of plus fifty to a score 
of minus fifty at the opposite end of the scale. Extroversion 
has been arbitrarily assigned a positive value and introver-
sion a negative value. Hence, a score of plus fifty represents 
extreme extroversion, minus fifty extreme introversion, and 
zero a perfectly average set of responses, with the number of 
extrovertive tendencies exactly balancing the number of intro-
vertive tendencies. Subject Thirty-four received a score of 
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zero, indicating that she exhibited a liking for as many items 
which supposedly represent an extroverted attitude as she did 
for items which purport to.represent an introverted attitude. 
A complete report and an analysis of the experimental 
results of this study will appear in Chapter V. 
CHAPTER V 
THE RESULTS OF THE EXPERIMENT 
The immediate objective of this investigation was to 
discover what relation, if any, obtains between degree of sus-
ceptibility to the Zellner and MAller-Lyer illusions and ten-
dencies toward introversion or extroversion as demonstrated by 
the Neymann-Kohlstedt Diagnostic Test for Introversion-Extro-
version. Accordingly, the quantitative scores earned by the 
fifty subjects on these three tests were ranked and compared. 
Table I, page 51, shows a comparison of the scores and ranks 
of the-subjects with respect to the two illusions. Table II, 
page 52, compares the scores and ranks on the Neymann-Kohl-
stedt Test with those on the Zellner illusion. Table III, 
page 53, compares the scores and ranks on the Neymann-Kohlstedt 
Test with those on the Kftller-Lyer illusion. Since the illu-
sion scores are ranked in increasing order of susceptibility 
to illusion and the Neymann-Kohlstedt Test scores are ranked 
with the highest positive (extrovertive) score placed first, 
degree of introversion is directly compared with degree of il-
lusion. As was explained in Chapter IV, the illusion scores 
are constant errors~ In the case of the Zellner illusion, the 
constant error, or degree of illusion, is in terms of half de-
grees. The constant error on the Kftller-Lyer illusion is in 
terms of sixteenths of an inch. Since these terms in no way af-
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feet the correlation coefficients, they were retained from the 
original data in order to facilitate arithmetic computation. 
The quantitative results of the present stu~ appear 
to be fairly reliable.- As may be-seen from Tables IV, V, and 
VI, pages 54 and 55, the frequencies of scores on each of the 
three tests approximate normal distribution. Koreover, compar-
ing the mean of the subjects' first five responses to each il-
lusion figure with the mean of their last five responses re-
vealed a close agreement. Using Otis' simplified device for 
computing correlation~coefficients from unranked data, a corre-
lation of +0.789 was obtained,in the case of the Z!llner illu-
sion and a correlation of +0.818 in the case of the }[ftller-Lyer 
illusion. Apparently the experimental data were not adversely 
affected by eitherpractice-effect or fatigue. 
Spearman's Rank Difference' Formula, applied to the data 
in Table I, revealed the coefficient of correlation between per-
formance on the two illusions to be +0.145 with a probable error 
of 1o.o9. Such a negligible degree of correspondence is readily 
explained. As was shown in Chapter II, the consensus of opinion 
among authorities seems to be that the two illusions differ in 
their essential nature, the one being what Titchener calls a 
•constant illusion of extent• and the other a •variable illusion 
of direction. • 1 The type of judgment to be made in each case 
1c. N. Winslow, •visual Illusions in the Chick,• Archives of 
Psycholog~, 1933, No. 153, 6. 
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TABLE I 
COMPARISON OF ZOLLNER AND KOLLER-
LIKR ILLUSION SCORES 
-~ ~ ~~ 
~ub- Score Score Rank Rank Sub- Score Score Rank Rank ject on on on on ject on on on on 
No. z. K.L. z. K.L. No. z .. JI.L. z. JI.L. 
3 0.5 8.95 1 19 41 6.2 9.2 25.5 22 
40 1.45 7.2 2 11 2 6.3 16.4 28 50 
1 2.8 10.1 3 33 38 6.3 5.8 28 3 
31 3.0 12. 4 42 39 6.3 13.8 28 49 
10 3.31 10.65 5 36 4 6.4 12.55 31 44 
42 3.95 9.35 6 24 5 6.4 11. 31 39 
25 4.8 9.4 7 25.5 23 6.4 9.9 31 30.5 
49 4.95 8.2 8 16 17 ·6. 5 6.35 33 7 
22 5.0 6.45 9 8 44 6.65 12.25 34 43 
18 5.05 10.9 10.5 38 15 6.85 6.65 35 9 
29 5.05 7.6 10.5 14 30 7.0 9. 36.5 20 
16 5.1 7.15 12 10 43 7.0 8.55 36.5 18 
11 5.12 9.4 13 25.5 20 7.2 6.3 38 6 
14 5.2 5.95 14.5 5 45 7.35 10.55 39 34.5 
33 5.2 7.25 14.5 12 12 7.4 3.4 40 1 
13 5.3 7.5 16 13 26 7.5 8.45 41.5 17 
24 5.35 7.65 17 15 36 7.5 10.55 41.5 34.5 
19 5.4 9.3 18.5 23 47 7.55 12.6 43 45.5 
37 5.4 11.5 18.5 41 35 7.7 9.95 44 32 
50 5.5 5.85 20 4 32 8.o 10.7 45 37 
28 5.55 12.7 21 47 21 8.25 9.6 46 27.5 
6 5.8 13.55 22 48 46 8.3 5.1 47 2 
34 6.15 9.6 23.5 27.5 9 8.55 11.35 48 40 
7 6.15 9.1 23.5 21 48 8.6 9.8 49 29 
8 6.2 9.9 25.5 30.5 27 9.6 12.6 50 45.5 
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TABLR II 
COKPARISON OF NEYllANN-KOHLSTEDT INTROVERSION-
EXTROVERSION SCORES WITH ZOLLNER 
ILLUSION SCORES 
- - - . ----
--
Sub- Score Score Rank Rank Sub- Score Score Rank Ranlc ject on on on on ject on on on on 
No. N.K. z. N.K. z. No. N.K. z. N.K. z. 
19 +18 5.4 2 18.5 30 0 7.0 26.5 36.~ 
29 -t18 5.05 2 10.5 34 0 6.15 26.5 23. fj 
45 +18 7.35 2 39 49 0 4.95 26.5 8 
16 +16 5.1 4 12 28 
- 2 5.55 30 21 17 +14 6.5 6 33 40 
- 2 1.45 30 2 35 +14 7.7 6 44 42 
- 2 3.95 30 6 36 t14 7.5 6 41.5 15 
- 4 6.85 32.5 35 21 +12 8.25 8.5 46 20 
- 4 7.2 32.5 38 46 +12 8.3 8.5 47 5 
- 5 6.4 35 31 9 +10 8.55 11.5 48 23 
- 5 6.4 35 31 26 +10 7.5 11.5 41.5 31 
- 5 3.0 35 4 41 +10 6.2 11.5 25.5 4 
- 6 6.4 37.5 31 47 +10 7.55 11.5 43 22 
- 6 5.0 37.5 9 11 + 9 5.12 14 13 13 
- 8 5.3 39.5 16 37 + 8 5.4 15.5 18.5 38 
- 8 6.3 39.5 28 
50 + a 5.5 15.5 20 18 -10 5.05 41 10.5 
7 + 6 6.15 18 23.5 33 -14 5.2 42.5 14.5 
24 + 6 5.35 18 17 44 -14 6.65 42.5 34 
48 .j. 6 8.6 18 49 6 
-16 5.8 44.5 22 
27 ... 4 9.6 20.5 50 14 -16 5.2 44.5 14.5 
43 + 4 7.0 20.5 36.5 1 
-18 2.8 46.5 3 
32 + 2 8.o 22.5 45 3 -18 0.5 46.5 1 
39 + 2 6.3 22.5 28 12 
-20 7.4 48 40 
8 + 1 6.2 24 25.5 25 
-25 4.8 49 7 10 0 3.31 26.5 5 2 
-30 6.3 50 28 
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TAB!& III 
OOJIPARISO!T OF li.Enwni-KOHLS~INTROVERSION-
EXTROVERSION SCORES WITH LER-LY.ER 
ILLUSION SCORES 
' 
. '- -
Sub- Score Score Rank Rank Sub- Score Score Rank Rank ject on on on on ject on on on on 
No. N.K. K.L. N.K. K.L. No. N.K. )(.L. N.K. Jl.L. 
19 .a a 9.3 2 23 30 0 9.0 26.5 20 
29 •18 7.6 2 14 34 0 9.6 26.5 27.6 
45 +18 10.55 2 34.5 49 0 8.2 26.5 16 
16 +16 7.15 4 10 28 
- 2 12.7 30 47 
17 +14 6.35 6 7 40 
- 2 7.2 30 11 
35 +14 9.95 6 32 42 
- 2 9.35 30 24 36 +14 10.55 6 34.5 15 
- 4 6.65 32.5 9 
21 +12 9.6 8.5 27.5 20 
- 4 6.3 32.5 6 46 +12 5.1 8.5 2 5 
- 5 11. 35 39 9 +10 11.35 11.5 40 23 
- 5 9.9 35 30.5 
26 +10 8.45 11.5 17 31 
- 5 12. 35 42 41 .f-10 9.2 11.5 22 4 
- 6 12.55 37.5 44 47 +10 12.6 11.5 45.5 22 
- 6 6.45 37.5 a 11 + 9 9.4 14 25.5 13 
- 8 7.5 39.5 13 37 + 8 11.5 15.5 41 38 
- 8 5.8 39.5 3 
50 + 8 5.85 15.5 4 18 -10 10.9 41 38 
7 + 6 9.1 18 21 33 -14 7.25 42.5 12 
24 + 6 7.65 18 15 44 -14 12.25 42.5 43 
48 + 6 9.8 18 29 6 -16 13.55 44.5 48 
27 + 4 12.6 20.5 45.5 14 -16 5.95 44.5 5 
43 + 4 8.55 20.5 18 1 -18 10.1 46.5 33 
32 + 2 10.7 22.5 37 3 -18 8.95 46.5 19 
39 + 2 13.8 22.5 49 12 -20 3.4 48 1 
8 .j. 1 9.9 24 30.5 25 ·25 9.4 49 25.5 
10 0 10.65 26.5 36 2 
-30 16.4 50 50 
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TABLE IV 
FRE~UENOY DISTRIBUTION 
OF ZOLLNER SCORES 
Interval Frequency 
0 - 0.9 . . . . . . . . . . 1 
1.0 - 1.9 . . . . . . . . . . l 
2.0 - 2.9 . . . . • . . • . . • . l 
3.0 - 3.9 . • . • . . . . . • 3 
4.0 .. 4.9 • . . • • . . . • . • . 2 
5.0 - 5.9 . . • . . . . • • • 14 
6.0 - 6.9 . . . • • . . • 13 
7.0 - 7.9 . . . . . . . . . . . 9 
8.0 - 8.9 . . . . . . • • 5 
9.0 - 9.9 . • . . • . • • • • l 
TABLE V 
FRE~UENCY DISTRIBUTION 
OF ltiftLLER-LYER SCORES 
Interval 
3.0 - 3.9 
4.0 - 4.9 
5.0 - 5.9 
6.0 - 6.9 
7.0 - 7.9 
8.o - a.9 
9.0 - 9.9 
10.0 - 10.9 
11.0 - 11.9 
12.0 - 12.9 
13.0 - 13.9 
14.0 - 14.9 
15.0 - 15.9 
16.0 - 16.9 
• • • 
. . . . . . . 
. . . . . . . . . . . . . 
. . . . . . . . . . . 
. . . . . 
. . . . 
. . . . . . . 
. . . . . . . . . . . . . 
. . . . . . . . . . . 
. . . . . . . . . . . . . 
. . . . . . . . . . . 
. . . . . . . . . . . 
. . . . . . . . . 
Frequency 
l 
0 
4 
4 
6 
4 
13 
6 
3 
6 
2 
0 
0 
l 
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Interval 
-t29 -+25 
+24 +20 
.j.l9 
-t15 
;-14 +10 
+ 9 .,. 5 
+ 4 0 
- 1 - 5 
- 6 -10 
-11 -15 
-16 
-
-20 
TABU VI 
FRE~UiNCY DISTRIBUTION OF 
DDWDT-KOHLS TEDT SCORES 
• 
• 
. • 
• • 
• • 
• 
• • 
. 
-21 -25 • • 
-26 
-
-30 
55 
Frequency 
0 
0 
4 
9 
6 
9 
8 
5 
2 
5 
1 
1 
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differs--in one, linear distance; in the other, angular distance. 
In one case, the comparison is one of contrast; in the other, 
one of relationship. One illusion is a matter of size; the 
other, of-form. It need, therefore, not be assumed that a sub-
ject who is highly susceptible to one illusion will necessarily 
be highly susceptible to the other, nor that an individual who 
is only slightly susceptible to one will exhibit little suscep-
tibility to the other, even though other factors in the exper-
imental set-up remain constant. 
The coefficient of correlation between scores on the 
Neymann-Kehlstedt Test and on the Z8llner illusion was found by 
Spearman's Rank Difference Formula to be -0.373 with a probable 
error of tg.oe. Since, as is shown in Table II, page 52, the 
degree of introversion is directly compared with degree of illu-
sion, this coefficient indicates a slight negative relation be-
tween tendencies toward introversion and susceptibility to the 
Z8llner illusion. Stated conversely, the ratio reveals a slight 
positive correlation between-extrovertive tendencies as measured 
by the Neymann-KOhlstedt Test and susceptibility to the Zellner 
illusion. 
The correlation coefficient between Neymann-Kohlstedt 
Test scores and errors in viewing the Mftller-Lyer figure was 
found, by the same formula, to be -0.052, with a probable error 
of ~.09, indicating no relation between introversion-extrover-
sion, as measured by the Neymann-Kohlstedt Test and susceptibil-
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ity to the Mftller-Lyer illusion. 
The results of this investigation, then, reveal a barely 
significant positive relation between extrovertive tendencies 
and susceptibility to the Z!llner illusion, but no recognizable 
relatien between introversion or extroversion and the M!ller-
Lyer illusion. 
Supposing a geometrical optical illusion to result from 
the observer's mental attitude, i.ntroverts might be expected to 
make more accurate judgments than would extroverts because of 
their habits of careful observation and concentration of atten-
tion. Extroverts, being more easily distracted and less likely 
to give careful attention to details, would be expected to make 
the greater errors. If, however, the illusion were due primari-
ly to factors inherent in the figure, all persons would be 
equally susceptible and a zero correlation would obtain between 
traits of temperament and extent of illusion. 
Thus it may be seen that the slight positive correlation 
between extrovertive tendencies and susceptibility to the Z!ll-
ner illusion which is demonstrated by this study may be consid-
ered as lending some support to the view that the Z!llner is in-
fluenced by mental factors. But, conversely, the lack of corre-
lation between the temperament traits and the K!ller-Lyer illu-
sion may be construed as evidence that this illusion is due to 
factors inherent in the figure. Since, as has been seen, the 
two illusion figures are basically unlike, this situation is 
not impossible. 
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The fact that introversion-extroversion bears no rela-
tion to mental ability ~AY well be mentioned here. When, during 
the course of this experiment, a number of the subjects ex-
pressed a fear that the Neymann-Kohlstedt Test was a test of in-
telligence, they were assured that what it attempts to measure 
is in no way related to mental ability. Various investigators 
have attempted to correlate the two concepts, but have found on-
ly a negligible-correspondence. Conklin,2 Hovey,3 and othere4 
report no appreciable relation between intelligence and tenden-
cies toward introversion or extroversion as measured by stand-
ard teste. 
Some studies, on the other hand, have shown introversion-
extroversion to be related to certain other factors. Several 
investigators have found differences between occupational groups 
with respect to-introversion-extroversion. For example, studies 
by Laird5 revealed foremen and executives to be more extroverted 
than introverted; whereas inspectors, accountants and research 
engineers were shown to be more introverted than extroverted. 
2E. s. Conklin, •The Determination of Normal Extravert-introvert 
Interest Differences,• Pedagogical Seminary, XXXIV (192?), 36. 
3H. Birnet Hovey, •Measures of Extraversion-Introversion Tenden-
cies and Their Relation to Performance under Distraction,• 
Journal of General PsychologY, II (1929), 32?. 
4percival Symonds, Diagnosing Personality and Conduct, D. Apple-
ton-century Company, New York, 1931, 202. 
5 Loc. cit. 
Pechstein made a very interesting study6 in which he 
found a definite tendency for unmarried women teachers to be 
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introverted, the degree of introversion seeming to increase with 
intelligence, education, and years of service. Pechstein adds 
this observation: 
Lack of social adjustment and 
adaptability is especially un-
desirable in teachers, yet this 
study indicates a selective pro-
cess whereby the more introverted 
women tend to get into teaching 
and to stay in it longer. 
Since a number of the subjects who participated in the present 
study are teachers, it is of interest to note whether they also 
exhibit introvertive tendencies. A glance at Table VII will re-
veal that the teachers who took part in this study are not all 
introverts. Rather, their scores approximate normal distribu-
tion. It is possible that the lack of agreement between results 
of this study and those of Pechstein's study is due to the very 
small number of cases used. Nevertheless, 'some interesting ob-
servations may be made. Subject Two, whose score marks her as 
the most introverted of the fifty subjects who took part in this 
experiment, is a woman of superior intelligence who has for sev-
eral years been rated an outstanding teacher of unusual ability. 
Subject Twenty-five, also an excellent teacher, is married and a 
mother. When answering the questionnaire, she volunteered the 
opinion that she considered herself decidedly introverted, for 
6 Loc. cit. 
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she knew herself to be much given to self-study and to analysis 
of her own motives and decisions. Although frequently urged to 
give •snap judgments• in responding to the test, this woman in-
sisted on weighing each item carefully, asserting that she al-
ways does things that way, and spent some ten minutes answering 
the fifty items. Subjects Nineteen and Seventeen, whose scores 
TABLE VII 
DDANN-KOHLSTEDT SCORES MADE BY TEACHERS 
Subject Rank Score 
19 l ·H8 
17 2.5 +14 
35 2.5 +14 
ll 4 + 9 
37 5 +8 
31 6 
- 5 
38 7 
- 8 
33 8 -14 
25 9 -25 
2 10 -30 
are comparatively high, are very young teachers. This fact 
agrees with Pechstein's observation that introversion in teach-
ers tends to increase with years of service. Subject Thirty-
five, who also rated herself as extrovertive, is a physical 
education instructor who is animated, is interested in overt 
types of activity, and enjoys relations with other people. She 
also is married, whereas all of Pechstein's subjects were un-
married. A greater number of cases, forming a larger cross-
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section of women teachers in general than is represented in this 
study would be necessary to reveal true trends. 
The introversion-extroversion scores made by the twenty-
eight university·students who participated in this study appear 
in Table VIII. These scores, like those of the teachers, ap-
proximate a normal distribution, revealing no general tendency 
for college students to be either introverted or extroverted. 
However, in this select group of students, the individuals who 
exhibit extrovertive tendencies exceed by a swall majority those 
who tend toward introversion. 
Several investigators have used college students as 
subjects in measuring the traits of introversion and extrover-
sion. In one such study, Conklin? found female college stu-
dents to be'decidedly more introverted than male students. 
Heidbreder, 8 however, could discover little difference in the 
total scores made by the two sexes, but noticed that the men 
and women responded differently to individual items. 
Laird found a tendency for men to be less introverted 
than women and Marston found girls more introverted than boys. 9 
Table IX, page 63, shows that the nine men taking part in this 
7symonds, 204. 
~dna Heidbreder, •Introversion and Extroversion in Men and 
Women,• Journal of Abnormal and Social Fsychology, XXII (1927), 
58, 61. 
9symonds, 204. 
TABLE VIII 
lfEYJ{.t.liN-KOHLSTEDT SCORES JW)]; 
BY UNIVERSITY STUlmNTS 
Subj ec:t Bank Score Subject .Rank 
29 1 ·H8 39 14.5 
16 2 .f.16 10 17 
36 3 +14 30 17 
21 4.5 +12 34 17 
46 4.5 +12 40 19.5 
9 7.5 +10 42 19.5 
26 7.5 +10 15 21.5 
41 7.5 tlO 20 21.5 
47 7.5 +10 22 23 
50 10 ... 8 13 24 
48 11 + 6 18 25 
27 12.5 + 4 1 26.5 
43 12.5 -t 4 3 26.5 
32 14.5 + 2 12 28 
62 
Score 
+ 2 
0 
0 
0 
- 2 
- 2 
- 4 
- 4 
- 6 
- 8 
-10 
-18 
-18 
-20 
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study reveal no tendency, as a group, toward either extrover-
sion or introversion. They tend, rather; to cluster about the 
statistical average. It may be of some interest to note that 
Subjects Eighteen, Twenty-two, Forty-one, and Forty-two (three 
of whom received negative scores) are graduate students, where-
TABLE IX 
NEYlfANN-KOHLSTEDT SCORES MADE 
BY llA.LE SUBJECTS 
Subject Bank Score 
46 1 +12 
41 2 +10 
7 3 + 6 
39 4 +2 
42 5 
- 2 
5 6 
- 5 
22 ? 
- 6 18 8 -10 
44 9 -14 
as Subjects Thirty-nine and Forty-six (both of whom received 
positive scores) are undergraduate students. This observation 
is a reminder of Pechstein's finding10 that student teachers 
tend to be more introverted than sophomores. Subject Forty-
four, who tended farthest toward introversion, is a sailor, 
recently returned from extended and strenuous combat duty. It 
is probable that severe nervous tension inclines one toward 
subj ecti vi sm. 
10 Symonds, 202. 
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It was hoped that the present study might yield evi-
dence to corroborate or refute the opinion that geometrical 
optical illusions are definitely influenced by psycho-organic 
factors rather than that they are due entirely to the mechanics 
of perception over which mental attitudes may be presumed to 
have little or no control. However, the results of this stu~ 
failed to reveal any significant relation between the intro-
version-extroversion scores of the fifty participants and the 
degree of illusion which they manifested. The slight correla-
tion which was shown to obtain between general extrovertive 
tendencies and degree of susceptibility to the Zellner illusion 
may be construed as evidence that attitudinal factors are oper-
ative in producing certain illusory effects. It is possible 
that extroverts are likely to be less careful of their perform-
ance and more easily distracted by extraneous influences than 
are introverts. It has been assumed11 that introverts, because 
of their superior habits of concentrated and earnest effort, 
would be less inclined to error. On the other hand, the lack 
of correlation between introversion-extroversion and the lltlller-
Lyer illusion may be considered as evidence that certain illu-
sory effects result from factors inherent in the figure. fn 
such cases, both introverts and extroverts might be expected to 
experience the illusion to an equal degree. 
11H. B. Hovey, •lleasures of Extraversion-Introversion Tendencies 
and their Relation to Performance under Distraction,• Journal 
of Genetic Psychology, XXXVI (1929), 319. 
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The r~sults of this investigation offer no evidence that 
geometrical optical illusions can or cannot be explained on the 
basis of physiological factors, as such early investigators as 
Wundt and Helmholtz supposed. As was seen in Chapter II, sever-
al scholarly experiments have presented evidence which would re-
pudiate the eye-movement hypothesis and allied theories, but a 
degree of uncertainty remains. Further careful investigation 
would be required to establish the truth or falsity of the old 
theories. 
Although the results of this study are not indicative 
of the positive factors responsible for geometrical optical 11· 
lusions, it need not be ·inferred that they can not be ~~of central 
origin. Such influences as attention, attitude, and judgment 
may be determining factors. The specific attitudinal traits of 
introversion and extroversion were not shown by this experiment 
to be directly related to degree of illusory effect. Further 
investigation may well be undertaken to seek a correlation be-
tween illusion~and mental concepts other than those entering 
into the Ney,mann-Kohlstedt Test for Introversion-Extroversion. 
CHAPTER VI 
SUJOWiY 
The present investigation undertook to study certain ad-
mittedly psychological factors in relation to degree of illusory 
perception, with the hope of discovering some evidence as to 
whether or not illusory effects may be presumed to result from 
central rather than peripheral processes. Specifically, degree 
of error in viewing the Zlllner and Mftller-Lyer figures was com-
paPed with the attitudinal traits-which are-measured by the Ney-
mann-Kohlstedt Test for Introversion-Extroversion. The two fig-
ures were selected as representative of the more common types 
of geometrical optical illusions and as being adaptable to ex-
perimental procedure. The questionnaire was chosen in the hope 
that the likes and dislikes which it would reveal would be rep-
resentative of the subjects' habits Qf attention and attitude. 
Fifty adults, the majority of whom are university stu-
dents, participated in the experimental study. Each subject 
was tested individually. The method of serial exploration was 
employed to measure the degree of each observer's error as he 
viewed the illusion figures. An attempt was made to keep the 
experimental conditions constant within certain limits. In each 
of the three tests of the experiment it was especially urged 
that •snap judgments• be made. 
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The experimental data were found to be fairly reliable. 
The ranked scores of each of the three tests approximate normal 
distribution and the mean errors of the first five trials in 
viewing each illusion correlate highly with the mean errors of 
the second five trials. 
Spearman's Rank Difference Formula yielded a correlation 
of .0.145:0.09 between performance on the two illusions. This 
insignificant relation is readily explaine4 by the fact that the 
two illusions are generally recognized to differ in their essen-
tial nature. Correlating the illusion scores with the·introver-
sion-extroversion scores yielded a ratio of -o.373ZO.oa between 
the Zltllner illusion and the Neymann-Kohtstedt Test and a ratio 
of -o.052lo.09 between the Mftller-Lyer illusion and the Neymann-
Kohlstedt Test. These results are inter~reted to mean that, 
for the conditions of this study, a barely significant positive 
relation exists between degree of susceptibility to the Z!llner 
illusion and tendencies toward extroversion, but no appreciable 
correlation is discoverable between the Kaller-Lyer illusi9n and 
either introversion or extroversion. The specific attitudinal 
traits indicated by the Neymann-Kohlstedt Test, thus, were not 
shown by this study to be directly related to illusory effect. 
Although this investigation has not demonstrated the 
real nature of the positive factors responsible for the illu-
sions, the inference need not be drawn that such illusions are 
not centrally determined. The conclusion of this thesis is 
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that there is room for further investigation which shall under-
take to correlate illusion with certain mental concepts related 
to attention, attitude, and judgment, other than those which 
enter into the Neymann-Kohlstedt Test for Introversion-Bxtro-
version. 
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Ul 
The Neymann-Kohlstedt Diagnostic Test 
for Introversion-Extroversion 
( 1928 Revision} 
Name .............................................................................................. _ Occupation ............................................. Age .......................... . 
This test is composed of fifty statements, each being followed by the words "Yes" and "No." There 
is no implication of right or wrong in any of the statements and you are asked to consider them from 
the viewpoint of personal like or dislike. Read the first statement and if you like the idea it expresses, 
draw a line under "Yes." If you dislike it, draw a line under "No." Proceed in the same way with the 
rest of the stateme~ 
1. Be by yourself a great deal YES NO 1 
2. Think of life in terms of pleasure YES NO 2 
3. Always be calm and collected YES NO 3 
4. Have a great deal of confidence in others YES NO 4 
5. Think or dream of what you will do five years from now YES NO 5 
6. Stay at home during a social affair. YES NO 6 
7. Work with many people around you YES NO 7 
8. Do the same kind of work all the time YES NO 8 
9. Enjoy social gatherings just to be with people YES NO 9 
10. Think a great deal before deciding anything YES NO 10 
11. Accept suggestions rather than working them out for yourself YES NO 11 
12. Quiet rather than exciting amusements YES NO 12 
13. Dislike having people watch you YES NO 13 
14. Quit a tiresome task YES NO 14 
15. Save money rather than spend it YES NO 15 
16. Seldom (infrequently) analyze your thoughts or motives YES NO 16 
17. Indulge in reverie (day-dream) or thought YES NO 17 
18. Have people watch you do things that you do very well YES NO 18 
19. Let yourself go when angry YES NO 19 
20. Work better when people praise you YES NO 20 
21. Have excitement YES NO 21 
22. Often meditate and think about yourself YES NO 22 
23. Be a leader at a social affair YES NO 23 
24. Speak in public YES NO 2-4 
25. Do the things that you dream about (day-dream) YES NO 2S 
26. Rewrite social letters YES NO 26 
27. Get things done very quickly rather than being slow and sure in movement YES NO 27 
28. Think a great deal YES NO 28 
29. Be able to express your keenest feelings (joy, sorrow, anger, etc.) YES NO 29 
30. Pay little attention to details YES NO 3() 
31. Be exceedingly careful in meeting people YES NO 31 
32. Associate freely with people holding views op.posed to your own YES NO 32 
33. Puzzles YES NO 33 
34. Act on suggestions quickly rather than stopping to think YES NO 34 
35. Read about rather than do a thing YES NO 35 
36. Enjoy the story more than the way it is written YES NO 36 
37. Keep a personal diary YES NO 37 
38. Keep quiet when out in company YES NO 38 
39. Act on the spur of the moment YES NO 39 
40. Dislike thinking about yourself YES NO 40 
41. Always plan out work before you begin it . YES NO 41 
42. Change from one type of work to another frequently YES NO 42 
43. Avoid trouble rather than face it YES NO 43 
44. Believe that rumors are important YES NO 44 
45. Confide in others YES NO 45 
46. Distrust people you have just met until you get better acquainted YES NO 46 
47. Study others rather than yourself YES NO 47 
48. Spend your vacation at some quiet place rather than at a lively resort YES NO 48 
49. Change your opinions easily even when formed YES NO 49 
50. Take an active part in all conversations going on around you YES NO 50 
No. Right... ................ No. Wrong .... ·-········· 
Score Rt ..................... Minus Wr ................... 
·······-···························· 
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